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Abstract. The level and tissue bioconcentration V,Mn,Fe,Co,Ni,Cu,Zn,As,Se,Mo,Ag,Cd and Pb were 
determined in the viscera and shell of the freshwater snail, Melanoides tuberculata in the upstream 
and downstream of Alaro stream, South West Nigeria. Trace metal concentrations in snail and 
sediment samples collected from six stations were measured using an inductively coupled plasma-
mass spectrometry (ICP-MS). The mean trace metal concentrations (ppm) of 
V,Mn,Fe,Co,Ni,Cu,Zn,As,Se,Mo,Ag,Cd and Pb in the snail were estimated to be 2.10-3.26,28.31-
33.32,1668.21-2398.43,1.75-3.98,6.18-8.12,33.86-89.23,12.10-66.35,0.78-0.96,9.86-11.35,1.44-
1.73,1.98-2.33,2.88-3.22 and 10.12-14.12 respectively. The study shows that M. tuberculata is capable 
of bioconcentrating trace metals in magnified quantity than that found in the sediment. The tissue 
concentration pattern was correlated with the amount of trace metals in the 
sediments.Bioconcentration of the trace metals V,Mn,Fe,Co,Ni,Cu,Zn,As,Se,Mo,Ag,Cd and Pb varied 
between the viscera and the shell with the viscera having the highest concentration of all the trace 
metals. Results of the study indicate that ingestion of sediments and algae may be the main uptake 
route of the trace metals in Melanoides tuberculata.  
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Introduction 
Trace metals in the aquatic environment can be traced to both natural and 
anthropogenic sources. Pollutants such as trace metals can be bioconcentrated by 
aquatic biota such as macrophytes, macroinvertebrates and fish (USEPA, 
1991).Bioconcentration measurements refer to the monitoring of uptake and 
retention of pollutants like trace metals in the organs or tissues of organisms. 
Bioconcentration takes place if the rate of uptake of pollutants by organisms 
exceeds the rate of elimination or excretion (Spacie and Hamelink, 1985). When the 
chemicals bioconcentrated are toxic, bioconcentration becomes an environmental 
threat to the organism concerned. Hence toxicity occurs along the food chain when 
the contaminated species or substance is consumed or eaten by an organism on the 
higher trophic level (Heng et al, 2004).  
Terrestrial and aquatic molluscs are widely used as bioindicators due to their 
seeming reflection of environmental trace metal contamination (Gundacker, 1999, 
Pihan et al, 2000). Trace metals that are either essential or non-essential have been 
known to be highly tissue concentrated by invertebrates especially mollusca species 
(Dallinger and Rainbow, 1993, Goksu  et al, 2005, Ezemonye et al, 2006). Mussels 
can accumulate Cd in their tissues in the magnitude of up to 100,000 times higher 
than that found in the water in which they live (Avelar et al, 2000). 
Bioconcentration of trace metals and other pollutants has been reported in snail 
species such as Helix aspersa, Leptoxis praerosa and Lymraea stagnalis (Laskowski 
et al, 1996, Gamot et al 1997, Reed-Judkin et al 1998, Boon-Nierrmeijer et al 2000 
and Snyman et al 2000). As a result of the harmful effects of trace metals on aquatic 
ecosystem, it is important to monitor the bioconcentration of metals in the aquatic 
ecosystem. This will serve as an indication of the temporal and spatial extent of 
trace metal contamination and an assessment of the potential impact on ecosystem 
health (Kotze et al 1999). 
 
Materials and methods 
Study area  
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The study area is the Alaro Stream which forms part of the hydro-ecological system 
of the Oluyole Industrial Estate which receives effluents from diverse sources of 
trace metal pollution. Effluents from both natural and anthropogenic sources are 
discharged into it directly or indirectly through run-off, leaching or seepage 
especially during the rainy season or as wind blown materials during the dry season. 
Oluyole industrial estate is located between latitude 7o 21’N -7 o  22’N and longitude 
3 o  50’-3 o  52’E.Alaro stream flows into Oluyole in a west –south east direction from 
its source at Agaloke near Apata in Ibadan.It joins river Ona at the south east end 
of a meat processing factory as its main tributary. The stream receives effluents 
from diverse industries. 
In this study, the bioconcentration of trace metals in Melanoides tuberculata 
(Mollusca: Thiaridae) a freshwater snail was assessed in both upstream (2 control 
stations) and downstream of effluents discharge (4 stations) in the Alaro stream 
ecosystem of Southwest Nigeria. Six sampling stations were selected based on the 
presence of the sessile mollusc species (M.tuberculata) .Two of the sampling stations  
serving as the control were located upstream of the industrial effluent discharge 
into the stream while four sampling stations were located downstream of the 
effluent outfall. The map of the study area is shown in figure 1. 
Sampling and processing of snails and sediments 
Snail samples were collected at the sampling stations using a hand trowel and then 
placed in plastic containers filled with the stream water. A sediment sample was 
collected at the spot on the sampling station where the freshwater snail 
(M.tuberculata) was collected. Sampling was carried out on monthly basis for four 
months. 
The freshwater snail M.tuberculata has a red-rimmed shell, with the characteristic 
red spots apparent. Specimen length is approximately 20 mm. It has an elongate, 
conical shell, which is usually light brown, marked with rust-colored spots. An 
operculum is present. The average shell length is about 20–27 mm or 30–36 mm, 
but exceptional specimens may be up to 80 mm long. The shells have 10–15 whorls. 
It is native to subtropical and tropical northern Africa and southern Asia. 
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Nonindigenous distribution is encountered in many parts of Africa, Europe and 
United States of America (Yoloye, 1988; Duggan, 2002; Mitchella and Brandt, 2005). 
The snail sample was dissected to remove the viscera and shell into separate 
aluminum foils. These were then dried in an oven at 105°C for 6 h. After which, the 
samples were pulverized into powdery form and packaged into labeled plastic 
sachets. Each sample (0.5 g) was weighed out and digested using 2-ml trace metal 
grade HNO3 to boil down to a clear solution in Teflon tubes at 105°C for 1 h in a 
heat block after which 1-ml H2O2 was added. After simmering down, the samples 
were diluted to the 10 ml mark with MilliQ water. These were then transferred into 
deionized water-rinsed test tubes for the inductively coupled plasma-mass 
spectrometer (ICP-MS) analyses. Agilent 7700 ICP-MS was used for the analyses of 
the samples because it combines a high-temperature ICP (inductively coupled 
plasma) source with a mass spectrometer, which converts the atoms of the elements 
in the sample to ions that are separated according to their mass/charge ratios by a 
quadrupole mass analyzer (MS). The inductively coupled plasma-mass spectrometry 
(ICP-MS) was preferred to other facilities because it is rapid, precise, accurate, and 
extremely sensitive multielement analytical technique for the determination of 
trace metals in solid sample materials. 
Sediment samples were air-dried on white polythene sheets and grounded to fine 
powder in a mortar. The fine powder was sealed in labeled polythene satchet.0.5g of 
each soil sample was digested using 2ml technical grade HNO3 in beakers at 950C 
for 1hour after which 2ml H2O2 was added. After cooling, the samples were decanted 
and diluted with milliQ water to the 10ml mark for ICP-MS analyses. 
Quality assurance of results was determined with National Institute of Standards 
and Technology’s (NIST) Standard Reference Material (SRM) number 1577 bovine 
liver for reproducibility of the tissue samples (viscera and shell) of the freshwater 
snail (Melanoides tuberculata).Recoveries of quality determination ranged from 
74.1% (Zn) -104.54 % ( Ag), which was credible to proceed with the analyses. NIST 
SRM number 2709 San Joaquin soil was used for quality assurance in the 
sediments and the recoveries were in the range of 52.21% (V) - 100.17% (Pb). 
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Results and Discussion 
The results were analyzed using SPSS statistical software package and Excel. The 
relationship between the trace metal concentration in the  tissues (viscera and 
shell ) of freshwater snail (Melanoides tuberculata ) and the sediments was 
determined using linear regression analysis samples while the differences between 
the various data sets was carried out using analysis of variance (ANOVA). 
The bioconcentration factor (BF) describes the ratio of the trace metals in the body 
tissue of the freshwater snail Melanoides tuberculata in relation to the trace metals 
in the immediate environment, the sediments  
BF =   Trace metal concentration in freshwater snail tissue 
 Trace metal concentration in the sediment  
Since trace metals in freshwater snails are derived mainly from the sediments also 
known trace metal sink, only this pointsource impacting accumulating the effluent 
outfall was assessed, calculated and presented as part of table 1 and 2 . 
 
Table 1: The mean trace metal content of Melanoides tuberculata and sediment 
samples upstream (control sites) of the effluent outfall in Alaro stream (parts per 
million, ppm) 
Trace  
metal 
Month Body tissue Sediment tissue/ 
sediment ratio 
(BF) 
V August  2.14±1.98 0.52±0.25 4.11 
 September 2.10±1.72 0.58±0.23 3.62 
 October 3.26±2.87 0.68±0.19 4.79 
Mn August  40.14±3.22 15.20±2.32 2.64 
 September 28.31±2.64 14.12±0.54 2.00 
 October 33.32±4.82 14.43±1.21 2.36 
Fe August  2112.29±3.84 282.35±5.41 7.48 
 September 2398.43±4.75 247.60±5.62 9.69 
 October 1668.21±8.12 414.37±0.98 4.03 
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Co August  2.12±1.05 0.64±0.05 3.31 
 September 3.98±1.18 0.52±0.12 7.65 
 October 1.75±0.46 0.39±0.10 4.49 
Ni August  6.18±3.89 1.42±0.25 4.35 
 September 7.27±4.92 1.44±0.04 5.05 
 October 8.12±6.53 3.18±0.21 2.55 
Cu August  89.23±7.34 19.63±2.82 4.55 
 September 33.86±2.10 14.23±2.18 2.38 
 October 36.31±1.23 13.50±3.25 2.69 
Zn August  12.10±2.12 3.02±0.57 4.01 
 September 25.50±3.12 10.61±2.01 2.40 
 October 66.35±1.29 12.82±2.91 5.18 
As August  0.96±0.05 0.32±0.06 3.00 
 September 0.84±0.10 0.22±0.09 3.82 
 October 0.78±0.12 0.31±0.08 2.52 
Se August  10.78±1.21 2.31±0.98 4.67 
 September 11.35±2.12 3.89±0.82 2.92 
 October 9.86±2.32 4.12±0.58 2.39 
Mo August  1.73±0.87 0.22±0.42 7.86 
 September 1.52±0.21 0.97±0.05 1.57 
 October 1.44±1.02 0.86±0.08 1.67 
Ag August  2.33±0.07 0.78±0.10 2.99 
 September 2.01±0.97 0.99±0.21 2.03 
 October 1.98±0.15 1.02±0.92 1.94 
Cd August  3.22±0.21 0.89±0.12 3.62 
 September 3.02±1.01 0.95±0.11 3.18 
 October 2.88±1.00 1.21±0.77 2.38 
Pb August  14.12±2.78 2.89±1.21 4.89 
 September 10.12±0.94 4.92±4.10 2.06 
 October 12.44±2.91 2.98±2.00 4.17 
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Table 2: The mean trace metal content of Melanoides tuberculata and sediment 
samples downstream of the effluent outfall in Alaro stream (parts per million, ppm) 
 
Trace  
metal 
Month Snail shell 
 
Sediment tissue/ 
sediment ratio 
(BF) 
V August  8.56±2.12 1.08±0.28 7.93 
 September 6.25±1.72 3.12±1.32 2.00 
 October 7.68±2.32 2.18±0.21 3.52 
Mn August  148.14±10.22 25.20±2.14 5.88 
 September 126.32±6.76 34.34±5.62 3.68 
 October 142.33±14.18 44.43±12.21 3.20 
Fe August  6337.12±113.12 888.25±15.62 7.13 
 September 5219.32±104.12 1249.60±15.23 4.18 
 October 4012.01±88.39 1192.21±19.78 3.37 
Co August  8.52±2.15 2.23±1.02 3.82 
 September 9.23±2.14 2.12±1.19 4.35 
 October 5.63±1.29 2.91±0.40 1.93 
Ni August  12.61±3.20 3.23±1.20 3.90 
 September 27.02±5.11 6.12±2.12 4.42 
 October 16.82±3.23 4.21±1.76 4.00 
Cu August  132.89±9.71 20.62±8.22 6.44 
 September 80.21±12.31 21.43±6.82 3.74 
 October 96.12±7.34 25.40±6.12 3.78 
Zn August  24.10±3.32 4.21±0.54 5.72 
 September 65.21±9.24 15.06±4.24 4.33 
 October 86.64±5.78 16.02±5.23 5.41 
As August  4.33±0.75 1.11±0.68 3.90 
 September 3.35±1.09 1.05±0.96 3.19 
 October 2.97±0.37 0.98±0.12 3.03 
Se August  19.10±3.97 5.62±1.82 3.40 
 September 23.10±4.83 5.98±1.42 3.86 
 October 16.40±3.27 5.13±2.11 3.20 
Mo August  4.32±0.90 0.97±0.32 4.45 
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 September 3.99±1.21 1.99±0.45 2.01 
 October 3.09±0.74 1.93±0.12 1.60 
Ag August  6.88±2.17 1.95±0.84 3.53 
 September 4.89±1.31 1.56±0.43 3.13 
 October 2.79±0.25 1.37±0.82 2.03 
Cd August  13.73±2.37 3.02±0.78 4.55 
 September 13.28±5.24 3.98±1.10 3.34 
 October 12.23±3.98 3.46±0.99 3.53 
Pb August  24.30±4.21 4.33±1.86 5.61 
 September 21.65±6.42 5.02±2.89 4.31 
 October 14.34±3.88 4.01±1.03 3.58 
 
Results of the mean trace metal bioconcentration and bioconcentration factors 
determined in the freshwater snail Melanoides tuberculata(Mollusca:Thiaridae ) 
and sediment samples from upstream and downstream of the effluents in Alaro 
stream ecosystem of Southwest Nigeria are shown in Tables 1 and 2,while the mean 
trace metal concentration in the body tissues (visceral and shell) of Melanoides 
tuberculata  upstream and downstream of the effluent outfall in Alaro stream are 
shown in tables 3 and 4. 
 
Table 3: Mean trace metal concentration in the body tissues of Melanoides 
tuberculata (ppm) upstream of the effluent outfall in Alaro stream 
Trace  
metal 
Month Viscera Shell 
V August  1.98±0.43 1.52±0.73 
 September 2.05±0.99 1.57±0.98 
 October 1.86±0.54 0.87±0.19 
Mn August  20.64±2.13 1.03±0.35 
 September 10.60±0.35 2.66±1.08 
 October 12.22±3.98 1.06±0.55 
Fe August  824.49±3.55 98.14±5.90 
 September 685.43±15.32 175.56±7.86 
 October 240.36±43.12 77.64±8.65 
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Co August  3.52±1.21 1.22±0.84 
 September 1.99±0.57 1.31±0.43 
 October 1.80±0.69 0.40±0.62 
Ni August  30.23±4.43 10.49±2.93 
 September 34.50±6.12 12.64±0.54 
 October 23.34±4.28 9.18±1.17 
Cu August  168.32±5.66 75.78±5.86 
 September 126.65±8.29 83.93±21.42 
 October 146.90±6.42 63.43±9.64 
Zn August  1.48±0.84 0.89±0.23 
 September 2.32±0.75 2.10±0.28 
 October 2.01±0.79 0.98±0.64 
As August  1.95±0.68 0.96±0.18 
 September 1.73±0.24 1.24±0.12 
 October 1.28±0.90            0.68±0.22 
Se August  10.87±3.24   1.87±0.15 
 September 11.32±4.22 9.73±2.45 
 October 10.57±4.97 2.76±1.54 
Mo August  1.50±0.89 0.35±0.08 
 September 1.25±0.77 1.02±0.87 
 October 1.75±0.72 1.23±0.93 
Ag August  2.30±0.91 1.85±0.77 
 September 2.13±0.34 1.34±0.98 
 October 1.98±0.96 1.55±0.16 
Cd August  3.18±0.77 1.45±0.21 
 September 2.01±1.02 1.03±0.88 
 October 1.52±0.54 0.37±0.05 
Pb August  7.99±3.08 3.83±1.77 
 September 1.02±0.73 0.98±0.12 
 October 4.33±1.67 2.36±0.46 
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Table 4: Mean trace metal concentration in the body tissues of Melanoides 
tuberculata (ppm) downstream of the effluent outfall in Alaro stream 
Trace  
metal 
Month Viscera Shell 
V August  6,82±4.12 4.75±1.24 
 September 6.32±2.12 3.54±2.21 
 October 5.87±2.89 2.53±0.78 
Mn August  223.21±9.03 102.43±5.09 
 September 117.54±10.82 63.76±10.33 
 October 328.66±30.23 200.19±12.86 
Fe August  1762.11±43.01 527.33±84.12 
 September 2629.71±31.93 1093.52±10.88 
 October 1964.76±15.29 834.91±16.23 
Co August  5.86±1.80 3.72±2.02 
 September 4.87±1.08 2.16±1.06 
 October 6.81±2.82 3.22±1.92 
Ni August  63.09±9.16 34.09±7.82 
 September 67.45±8.12 33.01±4.92 
 October 52.07±7.89 44.83±7.97 
Cu August  225.21±6.89 160.92±12.98 
 September 252.59±8.12 142.09±6.55 
 October 399.15±9.44 187.29±6.02 
Zn August  10.78±3.01 4.99±1.07 
 September 9.43±2.82 4.33±1.26 
 October 8.33±2.01 3.52±1.12 
As August  2.15±1.88 1.27±0.86 
 September 2.36±1.09 1.26±0.75 
 October 1.76±0.34 1.52±0.91 
Se August  17.63±3.76 5.33±1.51 
 September 18.23±2.10 9.33±3.13 
 October 17.85±3.93 7.64±2.81 
Mo August  3.60±0.21 2.03±1.07 
 September 2.58±1.01 1.97±0.84 
 October 3.12±0.82 2.51±0.87 
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Ag August  2.98±0.87 1.93±0.66 
 September 3.74±0.49 1.34±0.53 
 October 4.52±1.73 2.33±0.72 
Cd August  3.49±0.75 2.15±0.99 
 September 7.41±1.33 3.01±0.54 
 October 5.26±1.54 3.73±1.67 
Pb August  12.09±2.92 8.39±1.25 
 September 10.21±3.98 3.09±0.75 
 October 13.02±4.01 2.11±1.03 
 
The trace metal concentrations in the snail tissue were more in the viscera than the 
shell for all metals (Table 3). 
The sampling stations-specific trace metal concentration varied in both the 
freshwater snail and sediment samples with the downstream area having more 
trace metal concentration .Concentration of trace metals in the freshwater snail, 
M.tuberculata varied in reflection of the amount in the sediment samples. 
Trace metal concentration relationship between the sediments and freshwater snail 
tissue concentration showed a significant correlation for most of the trace metals as 
shown in table 5. 
 
Table 5: Significant correlation coefficient in the relationship between trace metals 
in the snail tissue and sediment samples 
Trace metal Upstream Downstream 
V 0.9823 0.9023 
Mn 0.2839 0.8083 
Fe 0.9837 0.6927 
Co 0.7291 0.9812 
Ni 0.8926 0.8278 
Cu 0.4302 0.8216 
Zn 0.9287 0.3093 
As 0.1927 0.8291 
Se 0.9628 0.7382 
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Mo 0.6298 0.9278 
Ag 0.8276 0.9287 
Cd 0.9726 0.8298 
Pb 0.8273 0.8192 
 
Conclusion 
Sediments are known to be a major sink of trace metals in aquatic ecosystems and 
serve as an indication of the trend and profile of pollution (Gundacker, 1999).The 
high concentration of trace metals observed downstream in the freshwater snail and 
sediment appears to be greatly enhanced by high level of effluent discharge into the 
Alaro stream. This is in addition to the municipal and industrial runoffs .The tissue 
concentration of the trace metals in the snail depends on the sampling stations as 
the upstream (control) stations recorded the least level while in the downstream 
had significantly higher concentration of trace metals .This is attributable to the 
profile of the trace metal concentration in the sediments . 
In this study ,the observed higher levels of trace metals in the viscera of the 
freshwater snail is an indication that ingestion of both sediment and algae might be 
the primary source of uptake as observed by Herg et al (2001).The regulatory 
capacity of the snail is accountable to high concentration of all the trace metals in 
the viscera  and shell that is  organ specific (Kraak et al,1993).The shell of the 
freshwater snail Melanoides tuberculata  contained lower tissue concentration of 
the trace metals in accordance with  the observation of Laskowski and 
Hopkin,(1996) and Herg,(2004). 
The levels of all trace metals in the snails were positively correlated with the 
sediment samples and also a linear and strong correlation which may be attributed 
to the feeding habits of the snail whose food source is obtained from algae and 
sediment. 
The variability in the levels of V, Mn, Fe, Co, Ni, Cu and Zn in the snail tissues is 
an indication of their metabolic demands as required trace nutrients and the 
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regulatory capacity to control the other trace metals on an equilibrated scale of 
essentiality threshold which takes a large concentration to exceed (Vijver, 2001). 
 There was bioconcentration of trace metals in the tissues of the freshwater snail 
upstream and downstream as shown in the variability of the bioconcentration 
factors (BF) (tissue/sediment ratio) in tables 1 and 2 that varied between 1.57(Mo) 
and 9.69 (Fe) upstream and 1.60 (Mo) and 7.93 (V) downstream.    
This study shows that the freshwater snail Melanoides tuberculata is capable of 
bioconcentrating trace metals in its tissues which indicate that the main source of 
uptake is ingestion from the sediment and algae (Forstner and Prosi, 
1979).Potential for bioconcentration is strongly dependent on the amount of trace 
metals in the sediments and the regulatory capacity of the snail. This shows that 
the freshwater snail Melanoides tuberculata is a useful bioindicators of trace metal 
pollution in the aquatic ecosystem. 
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